ABSTRACT: Ten polycyclic aromatic hydrocarbons associated with suspended particulate matter in the ambient air were collected at two sampling sites: urban and suburban residential areas of Yokohama, Japan from 1999 to 2005. The concentrations of target compounds were determined using gas chromatography-mass spectrometry. The total concentrations were higher in urban residential area than suburban residential area. They ranged from 0.31 to 6.16 ng/m3 with a mean of 2.07 ng/m3 and 0.33 to 2.87 ng/m3 with a mean of 1.02 ng/m3 in the urban and suburban residential areas, respectively. The predominant compounds determined both in the urban and suburban residential areas were benzo[b]fluoranthene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene and benzo[e]pyrene. The concentrations of 5-and 6-ring polycyclic aromatic hydrocarbons were higher in the urban than the suburban residential area, accounting for 77.3 % and 72.1 % of total polycyclic aromatic hydrocarbons, respectively. Source identification was performed by principal component analysis. Two principal components were identified for each study area and these accounted for 95.9 % and 83.3 % of total variance, respectively. The results revealed that stationary source and vehicle emissions were the major pollution sources in the studied areas. The impact of emission regulations for automobiles in large Japanese cities, which were enacted during 2002 and 2003, was also studied. Based on the average total concentration, emission reduction was 47.8 % and 18.6 % in urban residential and suburban residential areas, respectively.
INTRODUCTION
Air pollution has adverse effects on respiratory and cardiovascular health such as acute reduction in lung function, aggravation of asthma, increased risk of pneumonia in the elderly, low birth weight and higher death in newborns (Wilson et al., 2004) . The chemical composition of suspended particulate matter (SPM) in polluted atmosphere has become a topic of considerable importance over recent years in relation to public health. Several epidemiological studies have demonstrated strong associations between the levels of particulate matter and the prevalence of increased lung cancer, mortality and morbidity (Dockery et al., 1993; Pope et al., 1995a, b; Pozzi et al., 2005; World Health Organization Europe, 2005; Pope and Dockery, 2006; Chakra et al., 2007) . In Japan, health implications of SPM have been well-documented (Omori et al., 2003; Yorifuji et al., 2005; Murakami and Ono, 2006; Yamazaki et al., 2007) . Consequently, SPM has been recognized as a potent air pollutant in urban areas of Japan and considered as a criteria pollutant to be routinely monitored in ambient air. SPM pollution has been linked to bear remarkable effect on global climate change, too (Jacobson, 2002; Bandyopadhyay and Chattopadhyay, 2007; Feng et al., 2009; Wu and He, 2010) . Although there is still a fundamental lack of understanding of the underlying mechanisms of their toxicity, one of the widely accepted hypotheses is that particulate toxicity not only depends on their size but also on their composition (Harrison and Yin, 2000; He et al., 2011) . Studies performed on SPM revealed that organic compounds like polycyclic aromatic hydrocarbons (PAHs) absorbed on particulate matter probably play an important role during the generation of adverse health effects (Gilli et al., 2007; Skarek et al., 2007) .
PAHs resulting from incomplete combustion are of special interest due to their toxicity, carcinogenicity, mutagenicity and ubiquitous presence in the environment (McCrillis et al., 1992) . These adverse properties demand an assessment of their concentration, trends and source profile in the atmosphere to provide an aid to manage regional air pollution control strategies (Ravindra et al., 2001; Breivik et al., 2006) . Atmospheric PAHs are partitioned between the particulate and gaseous phases. However, the carcinogenic 5-and 6-ring species are predominantly associated with particles, especially those falling in the accumulation mode (Venkataraman et al., 1994 , Manoli et al., 2004 Mantis et al., 2005) . The occurrence of specific PAH compounds or a group of PAHs, have been used to indicate the corresponding emission sources (Venkataraman et al., 1994; Khalili et al., 1995; Goyal et al., 2008) . Major PAH sources to the atmosphere include motor vehicles, home heating and fossil fuel combustion. Other sources of PAHs in the environment include lubricating oils, atmospheric deposition, power plants and various industrial activities (Khanfekr et al., 2009; Arulazhagan et al., 2010; Fagbote and Olanipekun, 2010) . Automobile is an extremely important segment of modern human society. The impact of automobile emission on environment, predominantly on soil, air and water is increased day by day. Automobile emissions have shown a tremendous impact on the environment during the last few years (Kumar and Kothiyal, 2011) . Proliferation of motor transport, rather than industrial activities, is advanced in political and/or commercial cities as providing the main contribution to growing levels of pollution such as PAHs. As a result, the Government of Japan introduced legislation along with other measures targeted at reducing vehicular emissions and promoting the use of low-pollution vehicles (Japan Environmental Council, 2003) . Thus, the study of the occurrence of SPM associated PAHs and the process governing their fate is undoubtedly of great importance.
Due to the extreme complexity of particle characteristic in the atmosphere, the source and sink scenario of particulate PAHs have yet to be fully understood. Most of the studies in Yokohama City on particulate PAHs have been conducted with limited number of samples within a year. To the best of our knowledge, no study was conducted to evaluate the impact of vehicular emission which was enacted in 2002 and 2003 across the large Japanese city. Present study was conducted intensively with higher number of samples collected from April, 1995 to May, 2005 in Yokohama City, Japan. The aim of the present study was to explore location specific assessment of the concentration, trend and sources of SPM contained PAHs in the atmosphere. The impact of the emission regulations for automobiles in large Japanese cities, which were enacted during 2002 and 2003, was also studied from the samples collected in urban residential and suburban residential areas of Yokohama.
MATERIALS AND METHODS

Sampling sites
Ambient air samples were collected at two sites namely urban residential and suburban residential areas ( Fig. 1) of Yokohama, Japan. The urban residential site was located at the Hiranuma Elementary School, Nishi Ward and very close to downtown of Yokohama. In the vicinity of the site are a play ground, high traffic density as well as industrial activities. The suburban residential site was located at Nagahama, Kanazawa Ward of Yokohama City. Dotted around this site are small scale industries of various natures. Yokohama is a major commercial hub in the Greater Tokyo Area. It has the second largest population (3.6 million) in Japan and is the most densely populated urban area after Tokyo. Yokohama City is predominantly residential with high density of road traffic, hosting five municipal incineration plants, three power plants and cement industries among other industrial and commercial activities. Industrial and commercial activities at the suburban residential area were substantially lower than at the urban residential area. Manufacturing of automobile parts, industrial machineries, producers of chemicals, pharmaceuticals, printing and packaging, electroplating, electronic products, and construction material and equipment are some of the industrial activities in the city. The distance between the two locations is about 12 km. Considering the location and physical characteristic of the sampling sites, it was assumed that the above mentioned sites will help to predict the true facts of SPM associated PAHs pollution in urban residential and suburban residential area of Yokohama.
Sample collection
The SPM samples were collected with Shintaku Low Volume Air Sampler (Shintaku Co. Japan). It is a cyclone type air sampler and collects particles size at aerodynamic diameter <10 µm with 50 % cut-off. At both locations, samplers were placed at about 3 m above the ground. The flow rate of the sampler was maintained at 20 L/min during collection of samples in quartz filter paper (110 mm in diameter). Samples were collected monthly (30 days in each month) from April, 1999 to May, 2005 . The samples for the year of 2003 were lost. The gravimetric mass was measured at controlled humidity (45 %) and temperature (20 °C).
Target PAHs and reagents
The target compounds of this study were ten types of PMs containing PAHs. The compounds monitored in this study, according to their elution orders were as follows: fluoranthene (Flt, m/z 202) Analyses of ten SPM associated PAHs were performed on samples of suspended particulate matter which is recognized to be more appropriate indicator of higher molecular weight PAHs. Gas phase associated PAHs were not investigated, since the higher molecular weight PAHs targeted in this study, are present in air almost exclusively as particle bound compounds. These sorbed compounds are the most implicated in the human respiratory tract 
Sample extraction and analysis
The extraction method was adopted from Ohura et al. (2004) with minor modifications based on the instrument requirement and preliminary method experiment optimization. The SPM filters were cut into small pieces and placed into a 30 mL extraction glass tube wrapped with aluminum foil. It was extracted with 20 mL of dichloromethane containing four surrogate standards (phenanthrene d-10 , chrysened 12 , perylene-d 12 and benzo[ghi]perylene-d 12 ) in an ultrasonic bath (Sharp, UT-105S, Japan) for 20 min, repeated for thrice. After that, extracts were combined and centrifuged at 3000 rpm for 10 min to screen out the insoluble particles.
The clear supernatant was transferred to a round bottomed flask and was concentrated to about 3~5 mL in a Buchi syncore evaporator system at 40 ºC in water bath. The extract was transferred to a scaled test tube and further concentrated to near dryness by a gentle flow of nitrogen gas. The final extract was adjusted exactly to 1 mL by adding 0.9 mL of hexane and 100 µL of 1 µg/mL internal standard (pyrene-d 10 ) solution before being subjected to GC-MS analysis.
The samples were analyzed with a HewlettPackard GC/MS system consisting of a HewlettPackard Model 6890 gas chromatograph (GC) and a Hewlett-Packard model 5793 mass selective detector (MSD) with a capillary column (DB-5, 60 m, 0.25 mm i.d., 0.25 µm film thickness) (Agilent Technologies, USA). The GC temperature was held at 65 ºC for 2 min and raised to 280 ºC at 6 ºC/min, held isothermally at 280 ºC for 20 min using helium as the carrier gas. A computer controlled automatic sampler was used in conjunction with the GC/MS system. All injections were in splitless mode with an injection volume of 1 µL. The samples were first analyzed in the scan mode for qualitative analysis and finally by selective ion monitoring (SIM) mode for quantitative determination. Retention times were compared with those of external standards. 
Quality assurance (QA) /Quality control (QC)
QA/QC was conducted to minimize and quantify sampling and measurement errors by carrying out field blanks and procedure blanks, surrogate recoveries, standard spikes recovery and certified reference material recovery. For every set of samples, procedural blanks were run to check the cross contamination. None of the target 10 PAHs was detected in procedural blank samples. monthly SPM mass ranged from 12.7 to 35.1 µg/m 3 with an overall mean of 22.9 µg/m 3 at the suburban residential area as shown in Table 1 . One-way ANOVA was applied to the SPM data sets for these sites and the result revealed that the SPM concentration at downtown area was significantly higher (p < 0.001) than suburban residential area. In addition, the yearly mean SPM at both locations exceeded the World Health Organization (WHO) air quality guideline of 20 µg/m 3 .
Ambient levels of particulate PAHs
Particulate matter collected from urban residential and suburban residential areas were analyzed for 10 types of PAHs. The mean concentration, maximum (max) and minimum (min) concentrations of individual PAHs arranged by sampling sites are given in Table 1 , respectively. Dominant 5-ring and 6-ring PAHs, known to be highly carcinogenic and mutagenic to human, accounted for 77.3 % and 72.1 % of total PAHs at urban residential and suburban residential areas, respectively while 4-ring PAHs showed the least contribution. The low concentrations of lower ring PAHs are consistent with their physiochemical properties. With high vapor pressure and high volatility, these compounds exist primarily in the gaseous phase (Tsapakis and Stephanou, 2005) . In an earlier study in Japan, Ohura et al. (2004) focusing on gas-particle partitioning also suggested that higher ring PAHs were predominantly attached with particulate matter, while lower ring PAHs tended to exist in the gas phase only.
The urban residential area located near the downtown area of Yokohama recorded higher concentration levels than those found at the suburban residential area. The average recorded heavy duty (run by diesel) traffic density per 24 h was about 66,393 for the year 2005 at a highway (Kanagawa Route 1 Yokohane line) near to the urban residential area. Yokohama-Yokosuka highway, nearer to suburban residential site also turned out a heavy duty traffic density of 26,389 per 24 h in the same year (Ministry of Land, Infrastructure, and Transport, Japan 2005a, b) . The mean concentration of SPM mass was 34.2 µg/m 3 and 22.9 µg/m 3 in urban residential and suburban residential area, respectively. The suburban residential site was about 12 km northwest of the urban residential area (downtown area) of Yokohama. The finding of the present study was consistent with the results of Hayakawa et al. (2002) regarding their study at Kanazawa in Japan. For both cities, roads are abundant in urban area than suburban area. PAHs emissions from roadways are known to be significant contributors to airborne PAHs in the central parts of large cities (Bostrom et al., 2002) . Fig. 2 and 3 show the higher concentration trends of individual PAHs and the ΣPAHs at urban residential and suburban residential areas of Yokohama. Strong monthly trends were observed for both individual PAHs concentration and the ΣPAHs concentrations at the study sites. It is evident from Fig. 2 and 3 that higher concentration was found in colder months during November to February and lower concentrations in warmer months during May to September. During cold months average total concentration was 0.58 ng/m 3 compared with 0.26 ng/m 3 for warmer months in the suburban residential area. In the urban residential area, average total concentrations were 0.50 ng/m 3 and 0.23 ng/m 3 during cold and warm months, respectively. The average total PAHs concentrations were 3-6 times higher in January, February and December, compared to May, June and August in urban residential area (Fig.  2) . It was 1-3 times higher in suburban residential area (Fig. 3) . The present study showed higher levels of B[b]F, B[k]F and B[ghi]P during winter and likely suggested an influence of local or regional emission sources.
It can be attributed to an increase in consumption of fossil fuel in winter. During the cold season, PAH emissions from automobile exhaust are higher because of low ambient temperature and increased cold start Additional emission of pollutants can be expected during winter from various sources such as domestic heating, power plant, etc. Besides these, in winter, the atmospheric condition is rather stagnant due to the frequent occurrence of low inversion layers. Under stagnant atmospheric condition, photodegradation and pollutant dispersion are least, resulting in the accumulation which in turn leads to a higher concentration of particulate PAHs (Sharma et al., 2007) .
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Source apportionment
Ten SPM associated PAHs measured at urban residential and suburban residential of Yokohama were employed to know the source profiles of PAHs using principal component analysis (PCA). Many studies have applied PCA to study the potential source of particulate matter associated PAHs (Guo et al., 2003) . PCA with varimax rotation was applied to the data matrix to explore and identify the main sources of atmospheric pollutants. PCA in the present study was carried out using the statistical analysis software package SPSS 11.5. Factors were extracted based on SPM associated PAHs concentration of the study sites. Table 2 provides the results of PCA for SPM associated PAHs of eigenvalues > 1.0. PCA was carried out individually for each study site.
Urban residential area
Two factors were extracted for the urban residential area, accounting 95.8 % of the total variance shown in (Kulkarni and Venkataraman, 2000; Fang et al., 2004; Yang et al., 1998) . High factor loading of Ind and B[ghi]P were identified as gasoline emission (Khalili, et al., 1995; Marr et al., 1999; Fraser et al., 2000; Guo et al., 2003) .Most of the PAHs with high factor loadings in factor 1 are the markers of stationary sources. Oil burning industries might have had an influence on combined extracted loading factor. Factor 2 is responsible for 32.6 % of the total variance. This factor had high factor loadings for Flt and Pyre, which are indications of diesel emission (Yang et al., 1998; Kulkarni and Venkataraman, 2000; Ho et al., 2002; Fang et al., 2004) . A moderate factor loading of B[a]A and B[a]P also found which perhaps related to gasoline emission. The presence of metallurgical industries, power plant, cements industries and incinerations in the vicinity of the urban residential area have been attributed to stationary sources. Hence, it could be suggested that stationary sources (Industries) form a potential fraction of particulate associated PAHs at urban residential area of Yokohama.
Suburban residential area
The nature of the sources in suburban residential area was different in some extent as shown in Table 2 . Two factors were extracted by PCA and these accounted for 83.3% of the total variance in suburban residential area. Factor 1 accounted for 42.9 % of the total variance and was associated with high factor loadings of Flt and Pyr. These compounds have been identified as coming from diesel emission sources (Yang et al., 1998; Marr et al., 1999; Kulkarni and Venkataraman, 2000; Ho et al., 2002; Fang et al., 2004) .
Relatively higher factor loadings of B[a]P, Ind and B[ghi]P were reportedly identified as markers of gasoline emission (Khalili et al., 1995; Marr et al., 1999; Fraser et al., 2000; Guo et al., 2003) . All these markers are indicators of emissions from vehicular (diesel and gasoline) transportation. Factor 2 was responsible for 40.3 % of the total variance with high loadings of Chry, B[b]F, B[k]F and B[e]P, noted to be responsible for stationary emissions (Yang et al., 1998; Kulkarni and Venkataraman, 2000; Fang et al., 2004) . It could be suggested that vehicular emissions (diesel and gasoline) and industrial emissions contributed almost equal sources of PAHs in the suburban residential area. Industrial activities were found substantially lower in suburban residential area than urban residential area in Yokohama.
Impact of emission regulation
SPM has been recognized as potent air pollutant in urban area of Japan and considered as criteria pollutant to be routinely monitored in ambient air. Japan is the most industrialized nation in Far East Asia. In 1950-1960, the country experienced the worst air pollution in history. Industrial activities and increased number of automobiles were suspected to play key roles for the high emissions into ambient air. As a result, the Government of Japan took different initiatives through formulating and enacting different legislations and various measures to control SPM pollution in major cities across the country. Recently, the enforcement of emission regulation was commenced in October, 2002 as an effort to reduce the concentrations of SPM and nitrogen oxides (NOx) from the large cities across Japan.
Later on, another strict and new regulation was enacted and executed in October, 2003 on vehicle categories to attain the environmental quality standards for NO 2 and SPM by FY 2010 based on three policies, namely, motor vehicles emission regulations on new vehicles, regulations on vehicles in use in specific areas and measures to promote the use of low pollution vehicles (Japan Environmental Council, 2003) . The laws regulated gasoline/LPG and diesel motor vehicles. It was assumed that the aforesaid regulations would reduce emission significantly from both gasoline and diesel motor vehicles in large Japanese cities.
The regulation being enforced for diesel engine vehicles were particularly considered on the heavyduty vehicles namely buses and trucks. Near our sampling sites, the average traffic density was considerably high. The average traffic density per 12 hours for weekday and weekend were about 50487 and 31187, respectively for the year 2005 at a highway (Kanagawa Route 1 Yokohane line) of Yokohama. Heavy duty vehicle were recorded as half of the total traffic. This highway route is nearer to the urban residential site (Ministry of Land, Infrastructure and Transport, Japan 2005a) .
Yokohama-Yokosuka highway is nearer to the suburban residential site and the traffic densities were reported as 19237 and 14766 for weekday and weekend, respectively per 12 h in the same year. Heavy-duty vehicles are mostly run by diesel engine while gasoline is mostly used in light-duty vehicles (Ministry of Land, Infrastructure and Transport, Japan, 2005b) . For the present study, particulate matter associated PAHs were used to assess the impact of emission regulation for automobiles in large Japanese cities enacted during 2002 and 2003. A considerable resultant emission reduction was found at the urban residential site compared to the suburban residential area as shown in Table 3 .
Based on the average total PAHs (ΣPAHs) concentration, emission reduction was 48.7 % and 18.6% in urban residential and suburban residential areas, respectively. Considering SPM mass and concentration of individual target PAHs, the magnitude of the emission reduction at the urban residential area was in the following order: B Thus, there were just marginal reductions in Pyr (9.6 %) and Flt (11.5 %) after the enforcement of the regulation. Since Pyr and Flt relates as source markers of diesel engine emission, it might suggest that heavy-duty vehicle run by diesel engine did not respond much to the enforcement of emission regulation. At the suburban residential area, the magnitude of emission reductions of target PAHs were shown in Table 3 (Marr et al., 1999; Fraser et al., 2000) . As a result of emission regulations enforcement, the contribution of B[a]P, Ind, and B[ghi]P were plausibly reduced by 45.7 %, 41.3 %, 57.4 % and 58.7 %, 44.9 %, 38 .0 % at the urban r esiden tial an d subur ban r esiden tial area, respectively. Thus, comparatively, reduction in gasoline engine emission was greater than diesel engine emission at both sites. Kulkarni and Ventakaraman, 2000; Fang et al. 2004; Yang et al. 1998 have been identified the lower molecular weight PAH, Chry and higher molecular weight PAHs, B[b]F, B[k]F, and B[e]P as markers of stationary sources. These compounds were reduced at 54.2 %, 50.8 %, 56.5 % and 54.0 % in the urban residential area.
In the case of the suburban residential area, these compounds showed minor reduction 0-8.9 % except B[b]F which was increased 40.8 % after the enforcement of emission regulation. B[b]F is one of the major source markers of industrial emission. At the suburban residential area, diesel emission markers showed reduction three times greater than the urban residential area. Considering overall features, the lower impact of emission regulation at suburban residential area suggested that SPM pollution might be other than the automobile emission.
Industrial activities surrounding the study area such as incineration, petrochemical activities, power plant and printing and packaging industries at this location might have released these compounds of SPM pollution. SPM pollution was reduced by 27 % and 13 % at urban residential and suburban residential area, respectively, after the enforcement of emission regulation.
CONCLUSION
Measurement of suspended particulate matter and determination of ten SPM associated PAH concentrations were performed in urban residential and suburban residential area of Yokohama, for the period of 1999-2005. The mean concentrations of SPM aerosol were 34.2 and 22.9 µg/m 3 at urban residential and suburban residential area, respectively. The predominant PAHs determined were BbF, Ind, BghiP, and BeP for both of the study sites. Dominant 5-ring and 6-ring PAHs, known to be highly carcinogenic and mutagenic to human, accounted for 77.3 % and 72.1 % of total PAHs at urban residential and suburban residential areas, respectively while 4-ring PAHs showed the least contribution.We found strong seasonal variation of PAHs, with higher levels in colder months during November to February and lower in warmer months during May to September. SPM associated PAHs were more elevated in urban residential area than suburban residential area of Yokohama. The results obtained from PCA revealed that vehicle emission and stationary (Industries) were probably the major pollutant sources for SPM associated PAHs in both of the study sites. As a result of the enforcement of automobile emission regulations, the following were the magnitude and order of reductions for SPM associated PAHs at urban residential area: B At suburban residential area, the resultant reduction of SPM associated PAHs were also represented as follows: B[a]P (58.7%) > Ind (44.9%) > B[ghi]P (38 %) > Pyr (30.9 %) > Flt (27.7 %) > Chry (8.9 %) > B[k]F (4.5 %). Based on the average total PAHs (ΣPAHs) concentration, emission reduction was 48.7 % and 18.6 % in urban residential and suburban residential areas, respectively.
Additionally, the impact of emission regulation was studied in consideration of SPM, which was found to be reduced by 27 % and 13 % at urban residential and suburban residential area, respectively. Comparatively, a lower impact of the emission regulations was observed at suburban residential area. So the emission regulations which were imposed for the reduction of diesel engine emission was to some extend effective in the study area. It can therefore, be proposed that some more effective new regulations should be taken to reduce atmospheric pollution in Yokohama to protect human health because of the exposure of carcinogenic PAHs through inhalation.
